Proceedings of the sixth international coral reef symposium by Chevillon, Christophe & Richer de Forges, Bertrand
__ 
i! 
Proceedings of the 6th International Coral Reef Symposium, Australia, 1988, Vol. 2 
'i, 
SEDIMENTS AND BIONOMIC MAPPING ON SOFT BOTTOMS I N  THE 
SOUTH-WESTERN LAGOON OF NEW CALEDONIA. 
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O c e a n o g r a p h y  L a b o r a t o r y ,  ORSTOM C e n t r e ,  B .P .  A 5 ,  
Noumea, N e w  C a l e d o n i a  
ABSTRACT 
The south-western lagoon of N e w  Caledonia covers  
an a r e a  of 5 550 sq.km. composed la rge ly  of soft 
bottoms. A s  p a r t  of t h e  i d e n t i f i c a t i o n  of t h e  Soft 
bottom biotopes o f - t h e  N e w  Caledonian lagoons t h a t  
is being c a r r i e d  o u t ,  a s tudy of t h e  d i s t r i b u t i o n  
of sediments arid communities tias also been under- 
taken. Sampling has  been done with a 2 n a u t i c a l  
miles g r i d ,  using a dredge for t h e  benthos and a 
grab for t h e  sediments. Mapping of t h e  muds and a 
mul t ivar ia te  a n a l y s i s  have made it poss ib le  t o  de- 
f i n e  t h e  sedimentological s t r u c t u r e  of t h e s e  bot- 
toms. A q u a l i t a t i v e  inventory of t h e  benthic  ma- 
crofauna communities has  been drawn up i n  r e s p e c t  
of t h e  mairi zoological  groups. Mud d i s t r i b u t i o n  is 
governed by t h e  morphology of t h e  shore,  bathyme- 
t r y  arid hydrodynamics. Sediments a r e  divided ac- 
cording t o  two gradien ts ,  one r e l a t i n g  t o  g p i n  
s i z e ,  t h e  other t o  s i l t a t i o n ,  which reflect a two- 
fo ld  inf luence,  from t h e  land and from t h e  reef. 
One of t h e  main f a c t o r s  a f f e c t i n g  t h e  d i s t r i b u t i o n  
of benth ic  communities is t h e  mud content  of t h e  
sediment, which inf luences  t t i e  wealth of spec ies  
arid t h e  composition of t h e  fauna. For herbivorous 
species however, this r e l a t i o n s h i p  is i n d i r e c t ,  
f o r  t h e i r  d i s t r i b u t i o n  is pr imar i ly  assoc ia ted  
with t h e  presence of vegeta t ive  cover ,  which it- 
s e l f  is dependent on t h e  n a t u r e  and t h e  t e x t u r e  of 
t h e  sediment. Examples of s p e c i e s  d i s t r i b u t i o n  
concerning t h e  Strombidae and C e r i t h i i d a e  molluscs 
a r e  descr ibed.  
INTRODUCTION 
Several  s t u d i e s  have a l ready  been car- 
r i e d  o u t  on N e w  Caledonia 's  south-western lagoon - 
ori its geomorphology (Thomassin 1984, Coudray et 
a l .  1985),  its sedimentology (Launay 1972. Duyas 
1974, Dugas Ei Debenay 1978, 1980, 1981. 1982, De- 
henay 198.5, Chevillon 1985, 1986) and its ecology 
(Salvat  1964, Thomassin 1981, Chardy et  a l .  1987. 
Chardy et  a l .  i n  p r e s s ,  Chardy & Clavier  i n  
press ,  Richer d e  Forges e t  a l .  1987). 
A l l  t h e s e  authors  have descr ibed  a lagoon 
t h a t  is bordered by an o u t e r  b a r r i e r  reef  exten- 
ding from t h e  c o a s t  towards t h e  south ( f i g u r e  1). 
In t h i s  p a r t  of t h e  lagoon, an a r e a  of 5 550 km2 
(Testau & Connrid 1983), s e v e r a l  zones cari be d is -  
tiiiguished according t o  s tandard c r i t e r i a  : a 
c o a s t a l  zone with broad Lays, c h a r a c t e r i s t i c  of a 
submerged c o a s t ,  represent ing  a p a r t i c u l a r  envi- 
rorimerit t h a t  is s h e l t e r e d  and r e c e i v e s  te r r igenous  
depos i t s .  a broad c e n t r a l  p l a i n  s c a t t e r e d  with co- 
r n l  r e e f s  and islets roughly fol lowing t h r e e  l i n e s  
Fw'al le l  to  t h e  extension of t t ie  lagoon (Thomassin 
1984) : t h e  inner  slope hydraul ic  sand bank of t h e  
b a r r i e r  r e e f ,  known l o c a l l y  a s  t h e  ' i n n e r  reef  
white sand bottom' : arid l a s t l y ,  t h e  b a r r i e r  reef 
proper, 400-500 m .  wide. Furthermore. from nor th  
t o  south t h e  lagoon is divided i n t o  t h r e e  p a r t s  by 
t h e  sills of t h e  Noumea peninsula and of t h e  I l e  
Ouen. These s e p a r a t e  p a r t s  become progress ive ly  
l a r g e r  and deeper towards t h e  south.  I n  t h e  most 
souther ly  p a r t ,  t h e  lagoon is no longer enclosed 
by a continuous b a r r i e r  reef and through a very 
broad submarine v a l l e y  (Anglada 1975) it communi- 
cates e s t e n s i v e l y  with t h e  ocean. Here t h e r e  are 
t h e r e f o r e  two gradien ts ,  one terr igenous.  from t h e  
c o a s t  towards t h e  b a r r i e r  r e e f ,  and t h e  o t h e r  
oceanic ,  from t h e  south  towards t h e  north.  
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Figure 1. Location map. 
The sedimentological arid bionomic mapping 
work d e s c r í t ~ e d  i n  t h i s  paper forms p a r t  of t h e  re- 
conriaissaance arid c h a r a c t e r i z a t i o n  of t h e  main la- 
goon bi0LopeS of N e w  Caledonia, a survey which was 
s t a r t e d  by ORSTOM i n  1984 as p a r t  of its 'lagoon' 
programme. 
EQUIPMENT AND METHODS 
The south-western lagoon was covered 
by systxmatic sampling using a sampling g r i d  of 
two n a u t i c a l  mi les ,  represent ing  a t o t a l  o f  489 
s t a t i o n s  ( f i g u r e  2). Two types of c o l l e c t i o n  were 
made a t  each s t a t i o n  : orle using a Smith-McIntyre 
grab to h k e  samples of sediments, t h e  o t h e r  using 
t h e  Charcot dredge to  sample t h e  benthos. 
The sediments were examined by conventional 
se11 imentology methods as descr ibed by Buchanan 
(1984) .  The sieve-shaker used had G s i e v e s  with 
meshes of 20,  2 . 5 ,  1. 0 . 5 ,  11.25 and 0.063 m m .  res- 
pect-ively. The mud content  of t h e  samples and t h e  
d i s t r i l ~ u t i o n  of g r a i n s  i n  t h e  var ious granulome- 
t r ic  f r a c t i o n s  were t h u s  obtained.  The data regar- 
ding tlie carbonated or  te r r igenous  o r i g i n  of t h e  
sediments was taken from work done by Debenay 
(1985) arid Chev i 1 lon ( 1985, 1986) . 
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Figure 2. Location of samples. - - -.. 
A principal components analysis was applied 
to the granulometr& data. Correlations were cal; ' 
culated on the weighted percentages of all the 
different grain size fractions. The data were cen-' 
tred and reduced for each fraction in order to al' 
low a balanced representation'of the variables. 
The benthic samples collected with the Char- 
cot dredge were washed through five and two milli- 
metre sieves and then sorted into groups and fixed 
in alcohol and formalin. Identification of the or- 
ganisms was entrusted to th? relevant specialists 
for each group. The results described here relate 
only to two groups of molluscs. the Cerithiidae 
and the Strombidae. 
RESULTS 
t i  i - -  Mud distribution 7 .  , t -. 
- 23's 
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Figure 3.  Distribution of mud in sediments 
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The presence of t h e  submarine va l l eys  des- 
cr ibed by Coudray (1982). Thomassin (19ß4) and 
Debenay (1985) i n t e r r u p t s  t h i s  general  t r end ;  the-  
se ves t iges  of a former submerged drainage p a t t e r n  
provide communication between t h e  passes  i n  t h e  
ou te r  b a r r i e r  reef  and t h e  mouths o f  t h e  p r inc ipa l  
present-day r i v e r s .  Around theses  va l l eys  t h e  very 
muddy sediments overflow i n t o  t h e  lagoon arid may 
spread out  u n t i l  they near ly  reach t h e  passes.  
South-east of I l e  Ouen a l a rge ,  deep accumu- 
l a t i o n  basin (>  80 m . )  , i n  which t h e r e  is a con- 
cen t r a t ion  of sediments t h a t  have probably come 
from t h e  Prony Bay, i nd ica t e s  a connection between 
t h i s  bay arid t h e  very broad submarine va l l ey  by 
which t-he most souther ly  p a r t  of t h e  lagoon operis 
i n to  t h e  ocean. In  t h e  approaches t o  t h e  I le  of 
Pines arid i n  t h e  south-western t i p  of t h e  lagoon, 
o the r  zones of concentrat ion a r e  observed: t h e i r  
presence is riot r e l a t e d  t o  t h e  c o a s t a l  bays o r  t h e  
submarine va l l eys ,  but  s o l e l y  t o  t h e  bathymetry of 
t hese  sectors. 
The calcium carbonate content  of t hese  muds 
shows t h a t  they come almost exclusively from car- 
bonat-ed sources (more than 85 ,% CaC03). They are 
thus c l e a r l y  d i s t ingu i shab le ,  by t h e  zones where 
they a r e  deposited arid by t h e i r  o r ig in .  from t h e  
muds observed i n  t h e  bays and i n  t h e  submarine 
va l l eys ,  which ind ica t e  t e r r igenous  t r anspor t s  de- 
posi ted by t h e  r i v e r s  of t h e  west coast .  
Grain size structure 
The r e s u l t s  of t-tie p r inc ipa l  compo- 
nents ana lys i s  a r e  summarized i n  t h e  first two 
axes of i n e r t i a  ( f i g u r e  4) which e x t r a c t  73 ,% of 
t h e  t o t a l  var iance (44.78 and 28.22 % respect ive-  
l y ) .  The t h i r d  ax i s ,  which explairis  12.43 % of t h e  
variance,  w i l l  not be descr ibed here.  
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Figure 4. Principal  component analysis :  p ro j ec t ion  
of t h e  erid of t h e  s t a t i o n  vectors  ( - ) arid var ia-  
b l e s  vectors  (uriderlined) i n  t h e  first f a c t o r i a l  
plane (VFS: very f i n e  sand, FS: f i n e  sarid, MS: m e -  
dium sand, CS: coarse  sand. GV: g r ave l ,  GN:grariu- 
le) .  
The MUD and FINE SAND va r i ab le s  show, res- 
pect ively,  a marked a f f i n i t y  with t h e  p o s i t i v e  and 
negative poles  of a x i s  1, while t h e  VERY FINE SAND 
va r i ab le  is projected on t h e  negat ive pole of t h e  
f i r s t  b i s e c t r i x .  Examination of t h e  2nd f a c t o r i a l  
plane (axes 2-3) (no t  presented here) arid of t h e  
r e l a t i v e  con t r ibu t ions  corif irms ttie assignment of 
t h e  va r i ab le s  COARSE SAND arid GRAVEL t o  a x i s  2. We 
cari then i n t e r p r e t  a x i s  1 as a g rad ien t  of silta- 
t i o n  arid a x i s  2 a s  a g rad ien t  of g ra in  s i z e .  
Project ion of t h e  s t a t i o n s  i n  t h e  v a r i a b l e s  
space brings ou t  4 d i s t i n c t  groups (A.B, C arid D ) .  
Examination of t h e  g ra in  size d i s t r i b u t i o n  arid of 
t h e  p l aces  where t h e  samples were taken made it 
poss ib l e  t o  de f ine  t h e  c h a r a c t e r i s t i c s  of t h e s e  
sets. The first group (A) corresponds t o  t h e  ' in-  
n e r  r ee f  white sand bottoms' cha rac t e r i s ed  by a 
mode i n  t t i e  very f i n e  sands arid a mud rate lower 
than  7 4, . The B group is formed by a s h i f t  of t h e  
mode towards t h e  f i n e  arid medium sands; t h e  d i s -  
t r i b u t i o n  becomes progressively bimodal (FINE SAND 
and MEDIUM SAND). I t  corresponds t o  an ex tens ion  
of t h e  white sarid bottoms a s  described by Debenay 
(19ß5). The s t a t i o n s  i n  t h e  t h i r d  group, which are 
projected around t h e  COARSE SAND va r i ab le ,  repre- 
s e n t  t h e  sediments of t h e  lagoonal p l a i n  and are 
cha rac t e r i s ed  by a multimodal d i s t r i b u t i o n .  For 
t h e s e  first t h r e e  groups, s i t u a t e d  t o  t h e  left of 
a x i s  2, t h e  mud rate never exceeds 25 Z (low mud 
facies). The last group (D), t o  t h e  r i g h t  of a x i s  
2. r ep resen t s  a l l  t h e  muddy bottoms. Within it 
t h e r e  are two sub-groups : t h e  sediments wi th  uni- 
modal d i s t r i b u t i o n  (D2) (mode i n  t h e  muds) and the-  . 
muddy sediments t h a t  have, i n  addi t ion.  a second 
mode towards t h e  coarse  f r a c t i o n s  (granule 'of  gra- 
v e l )  (Dl) which is usual ly  due t o  t h e  presence o f  
t h e  s h e l l s  of oys t e r s  l i v ing  i n  t h i s  h a b i t a t .  
There a r e  thus,  i n  f a c t ,  two c l e a r l y  d i f f e -  
r e n t i a t e d  environments, t h e  muddy bottoms (pure 
muds and heterogeneous muddy mater ia l )  which are 
found i n  t h e  bays o r  nearby (submarine va l l eys )  
and t h e  white sand bottoms s i t u a t e d  immediately 
aga ins t  t h e  ou te r  r e e f .  The o the r  two r e s u l t  from 
t h e  in t e rpene t r a t ion  and mixing of t h e  two prece- 
ding environments, and they c o n s t i t u t e  t h e  g r e a t e r  
p a r t  of t h e  grey sand bottoms o f  t h e  lagoonal 
p l a i n .  A s  t h i s  mixing t akes  p l ace  t h e r e  is a s h i f t  
of t h e  mode of d i s t r i b u t i o n  from t h e  very f i n e  
sands towards t h e  g rave l s  and simultaneously an  
increase i n  t h e  mud rate. This ana lys i s  confirms 
t h e  s t r u c t u r e  described by Debenay (1985) and by 
Chardy e t  a l .  ( i n  p r e s s ) .  
Species d i s t r i b u t i o n  
Ori t h e  b a s i s  of t h e  benthos samples 
co l l ec t ed  by dredging, lists of species  were drawn 
up arid comparative examination of them has made it 
poss ib l e  txJ de f ine  t h e  Charac t e r i s t i c s  of t h e  com- 
munities.  Three main communities have been reco- 
gnised from t h e  q u a l i t a t i v e  s t u d i e s  done (Richer 
de Forges e t  al. 19ß7) arid from t h e  q u a n t i t a t i v e  
s t u d i e s  (Ctiardy et  a l .  i n  p r e s s ) .  These t h r e e  
a r e  : t h e  muddy botttoms community. t h e  grey bot- 
toms community arid t h e  white bottoms. community. 
Species d i s t r i b u t i o n  maps were drawn for 
molluscs, which a r e  a major component of t h e  com- 
munities.  For t h i s  group, and more e spec ia l ly  f o r  
t h e  gastropod molluscs group, which comprises riu- 
merous f ami l i e s  (45) found i n  a l l  biotopes,  a map 
showing t h e  wealth of spec ie s  is given ( f i g u r e  5). 
The r i c h e s t  zones (where t h e r e  a r e  more than 40 
spec ie s  pe r  s t a t i o n )  a r e  s i t u a t e d  i n  t h e  inner  
reef  s lope  zones, with low mud sediments arid a 
high degree of hydrodynamic e f f e c t .  The muddy 
coas t a l  zone tias many fewer spec ie s  (less than 
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2 0 ) ;  t h e  intermediate  zones,  with between 20 arid 
40 spec ie s  per  s t a t i o n ,  are s i t u a t e d  e i t h e r  on t h e  
grey bottoms o r  on t h e  whi te  bottoms. The s c a r c i t y  
of spec ie s  i n  t h e  southern p a r t  of t h e  lagoon is 
explained by t h e  depth,  which is more than  50 me- 
tres. 
t h e  mud cont  
heads; S .  e ry th r inus  occupies t h e  sandy and muddy 
bottoms where t h e r e  are Haliaeda sea-grass beds; 
S .  luhuanus is more c l o s e l y  r e s t r i c t e d  t o  t h e  grey 
and white bottoms, and S. q ibbe ru l tk  is associa- 
t e d  with t h e  inne r  reef coral bottoms. 
Table 1. Frequency of Strombidae species  co l l ec t ed  
by dredgirigs i n  t h e  S.V. lagoon of Neu Caledonia. 
- 
umber or 
uti- 
138 
62 
49 
n 
24 
15 
12 
12 
1'1 
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3 
1 
1 
1 
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28 
13 
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5 
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2 
2 
I 
i 
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C l  
C I  
C I  
I t  is poss ib l e  t o  d e f i n e  t h e  a f f i n i t y  of 
each of t hese  spec ie s  of t h e  sediment by observing 
t t ie percentage of t h e i r  occurrence i n  terms of t h e  
mud content  of t h e  sediment ( f i g u r e  7 ) .  S.  eryth- 
r i n u s  is found on a l l  types  of bottom having up t Ó  rz  
75 Z and more mud; S.  luhuanus does no t  occur on Y': 
bottoms with more than  50 2 mud and S.  q ibbe ru lus  '*. 
is found only on ttie s l i g h t l y  muddy bottdms ( l e s s .  i '  
than 25 Z mud). 
Figure 7 .  Percentage of occurerice of t h e  main 
Strombidae spec ie s  i n  r e l a t i o n  with mud i n  sedi- 
ments. 
20 spec ie s  of t h e  herbivorous and d e t r i t u s -  
feeding Ceri thi idae '  a r e  found i n  t h e  south- 
western lagoon ( t a b l e  2 ) .  A mar; of t h e  4 most com- 
mon spec ie s  Rhirioclavis su rd idu la ,  Rtiinoclavis ar- 
t i c u l a t a ,  Rhinoclavis f a s c i a t a  arid Cerithium rus- 
t r a t u a ,  shows t h e  preferences of each ( f i g u r e  8 ) .  
The presence of R. so rd idu la ,  which is a d e t r i t u s  
f eede r ,  is related t o  t h e  presence of muds, whi le  
R. f a s c i a t a  p r e f e r s  bottoms where t h e r e  is l i t t le 
mud. The two o the r  spec ie s  a r e  d i s t r i b u t e d  on t h e  
grey  bottoms arid on ttie white bottoms. 
Graphs indicat ing t t ie d i s t r i b u t i o n  of t h e  
Cer i th i idae  i n  terms of rates of mud i n  ttie sedi- 
ment ( f i g u r e  9) show how a f f i n i t y  for d i f f e r e n t  
t ypes  of sediment d i f f e r s  according t o  t t i e  spe- 
cies. Rhinoclavis sordidula  is found on t h e  muddy 
bottoms (40-70 Z mud content  i n  ttie sediment);  on 
ttie o t h e r  hand, t h e  two oher spec ie s  of t h e  same 
genus R .  a r t i c u l a t a  and R.  f a s c i a t a  p r e f e r  less 
muddy bottoms; 
quently found on t h e  inner  r e e f  whi te  bottoms. 
Table 2 .  Frequency of t h e  observa t ions  of Cer i -  
t h i i d a e  s p e c i e s  collect-ed ~ J Y  dredging i n  t h e  S.W. 
1 agoon. 
Cerithium rostratum is most fre- 
Rhinoah- fmk)  sordiduh (Cauld. 18491 
R h i n o f l P v i .  artinrhta (Adams et Rsws. 18541 
R h i n o c M  fosciP- (8-lÈr.. 17921 
C e r i t h i m a  m a t m t v n  SOYeFby. 1855 
C e r i t h i m  muuhollandk Ad-. 1855 
C o r i t h i m  sdebmsm Sowerby, 1855 
i lhinoelovin f F r o c k )  k o e h i  Phlllppl. 1848 
V - o p z  Poysillp (Ada". 189hl 
C e r i t h -  collmma Souerby. 1838 
Peevdovoreogve nobilis (Rears. 1855) 
C e r i t h i r n n i n v h r n  Sarcrby. 1855 
R h i n o c M  w p ~ n  (Llnn.5. 1758) 
Eittim sp. 
P l s a w t m c l n r s  *p. 
00-a go& (Croass, 18611 
C e r i t h i n  .omtun (Wood. 1828) 
C e r i t h i m  naluloam B-íira, 1792 
P s d o o o r t a g u a  elveo (LfnnnG, 17581 
Rhin&Lmia sinensis (C.elh. 17911 
C e r i t h i n  t o ~ l l r n  Souerby. 1855 
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FiglJre 8.  RepartitiCJn of t h e  p r i n c i p a l  mollusc 
spec ies  of the C e r i t h i i d a e  family i n  t h e  S.W. la- 
goon 
DISCUSSION 
The m u l t i v a r i a t e  a n a l y s i s  e f f e c t e d  
here  confirms t h e  s t r u c t u r e  of t h e  sof t  bottoms of 
t h e  south-western lagoon descr ibed  by Debenay 
(19ß5) i n  regard to  t h e  sedimentology and a l s o  by 
Chnrdy et  a l .  ( i n  p r e s s )  who worked on t h e  b a s i s  
of groups of s p e c i e s .  There is t h u s  a d e f i n i t e  
concordance tJetween t h e  sedimentology of t h e  S o f t  
bottoms arid t h e  d i s t r i b u t i o n  of benth ic  spec ies .  
As regards t h e  s p ~ i e s  referred t o  i n  t h i s  paper ,  
t h e  herbivorous and de t r i tus - feeding  gastropod 
molluscs, t h e  na ture  CJf t h e  sediment and more es- 
pec ia l ly  its mud content ,  appears  t o  be t h e  prin- 
c i p a l  f a c t o r  of its d i s t r i b u t i o n .  I n  t h e  c a s e  of 
R .  sord idula ,  which is a r e a l  de t r i tus - feeder ,  
t h e r e  is a d i r e c t  r e l a t i o n  with t h e  n a t u r e  of t h e  
sediment; regarding t h e  o t h e r  s p e c i e s .  which de- 
pend on p l a n t  mat ter  f o r  t h e i r  food, t h e i r  d i s t r i -  
bu t ion  r e f l e c t s  t h a t  of t h e  macrophytes. Garrigue 
(19ß5, 1987) has shown t h a t  t h e  d i s t r i b u t i o n  of 
t h e  p r i n c i p a l  spec ies  of macrophyte is dependent 
on t h e  n a t u r e  of t h e  sediment. Whether t h i s  r e l a -  
t i o n s h i p  tdweeri  c e r t a i n  benthic  organisms is di- 
rect or  not ,  t h e  presence of t h e  spec ies  i n  ques- 
t i o n  has  p r e c i s e  ecologica l  s igr i i f  icarice. The or- 
ganisms s tudied  a r e  found t o  be d i s t r i b u t e d  accor- 
ding t o  spec ies  on t h e  t h r e e  types  of  bottom of 
t h e  south-western lagoon : t h e  white bottoms, t h e  
grey bottoms and t h e  muddy tmttoms. These s p e c i e s  
a r e  t h u s  good b io logica l  ind ica tors .  
Cerilhiidae spp. 
-10 
90 
o+++o Rhinoclavis sordidula 
70 O--+ Rhinoclovis articulata 
&--A Rhinoclavis fasciata 
Cerithium rostratum 
Figure 9. Percentage of occurence of t h e  C e r i t h i i -  
dae spec ies  i n  r e l a t i o n  with mud i n  sediments. 
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